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Ethanol vs. Beverage DDGS
• Grains  (100% corn vs. 80% or less corn)
• No extracted oil
• Drying operations (1970’s vs. 2000’s technology)
• Starch content  (no enzymes, cook temperatures)
• Additive use not common (antibiotics, pH adj., etc.)
Ethanol vs. Beverage
Moisture  E  >  B
Fat  E  <  B
Starch E  <  B
Color           E  <  B
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• Further value for C6
Biomass to Bioproducts
• Biomass:  Ligno-cellulosic 
biomass
• Hemicellulose:
– Polysaccharide of Xylose, 
Glucose, Mannose, 
Galactose, Arabinose, 
Glucuronic acid, Acetic 
Acid
– Branched polymer
• Cellulose:
– Polysaccharide of 
glucose
– Linear
• Lignin:
– Phenolic polymer
– Branched
Biomass to Bioproducts
• Ag biomass to biofuels and biochemicals
– HIGH interest
– Very few products on the market
– Primary issue:  COST
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Biomass and Biofuels Theme
Biomass
Costs
• Sourcing
• Shipping
• Storage
• Composition
Extraction  
costs
• Composition
• Process conditions
• Yield
• Selectivity
Purification 
and 
concentration 
costs
• Yield
• Selectivity
• Side Reactions
Conversion 
to 
Bioproducts
• Reaction conditions
• Yield
• Purity / Selectivity
• Side Reactions
Processing Cost is a Function of :
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Composition 
 
Corn Fiber from 
Kernels 
Softwood 
 
Hardwood 
 
hemicellulose 39-40 25-29 25-35 
% cellulose 11-13 40-44 43-47 
% lignin 3-6 25-31 16-24 
% ash <1 <1 <1 
 
Biomass to Bioproducts
• Research Focus:  C5 platform of bioproducts
• Large grain processing industry
– Corn, soy, rice, wheat
– The hull fibers are rich in hemicellulose
A commercial source for corn fiber is Dried Distlllers Grains (DDG)
DDG Biorefinery
Three value added products from DDG:
 Protein rich feed
 Residual fiber feed
 C-5 hydrolyzate 3
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Extraction of C5 Sugars
• Production of C5-rich hydrolyzate
– High yield and selectivity to C5-sugars
– Low C6 and other degradation products 
• Extraction Process:
– Dilute acid hydrolysis
– Variables:
• Time, Temperature, acid concentration
– Choice of reactor
Selective Hydrolysis
DDG Biorefinery
Three value added products from DDG:
 Protein rich feed
 Residual fiber feed
 C-5 hydrolyzate 3
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Residual Fiber after Hydrolysis
DDG Biorefinery
C5 Platform of Products
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BIOMASS Applications
sweetners (xylitol)
food coloring
Applications
biodegradable polymers
Applications
aviation fuel
Applications
norbornene / cyclic olefin 
copolymers (COC) 
DDG
Isolation Protocol
One of the key process steps of this 
biorefining concept is an 
isolation protocol 
that delivers D-xylose as pyranose 
ring from the hydrolyzate to obtain 
a pure starting monosaccharide as 
required for its subsequent synthetic 
transformations. 
“Isolation of C5-Sugars from the Hemicellulose-Rich Hydrolyzate of Distillers Dried Grains” ACS Sustainable Chem. Eng. 2015, 3, 2452-2457
GOALS
• Isolate solid C5 sugars in pyranose conformer 
• conducted under ambient conditions
• Use cost effective green solvents and reagents 
• Regenerate reagent and solvents
• Economize; will have high impact on the overall process
Hydrophobic Xylose - XDE
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“Boronic acid mono- and diesters of the aldopentoses” Carbohydrate Research 2010, 345, 498-502
XDE = xylose diester; (PhB)2(α-D-XylfH-4)
• Quantative yield after solvent evaporation
• Isolated xylose diester contains furanose ring
• White solid; soluble in H2O/MeOH, toluene
• Insoluble in H2O
• Arabinose diester isolated with pyranose ring intact
ADE = arabinose diester; (PhB)2(β-L-ArapH-4) 
XDE Formation – pH Effects
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XDE extraction as a function of pH 
Plotted according to pH condition (axes) are 
the extracted weight in grams (x10) of XDE 
(red pentagon), the percent unreacted 
xylose (x100) remaining in the hydrolyzate
determined using HPLC (green), and the ratio 
of extracted XDE:PBA determined using 1H 
NMR (blue).
Trigonal and Tetrahedral Boronate Esters
Optimization of PBA Stoichiometry
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Influence of PBA Stoichiometry
[Sugar] in the treated hydrolyzate (pH 7.5) as a function of PBA equivalents used in the reaction
XDE Transesterification 
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Entry Time 
(h)
D-Xylose
(% yield)
1 18 90
2 32 80
3 24 97
4 24 71
5 48 no xylose ppt
6a 8 XDE–aminodiol
complex
6b 8 XDE–aminodiol
complex
7 48 no xylose ppt
XDE (1 eq.) and diol (2.0 eq., entry 1; 5.0 eq., entries 2-7) reacted in toluene at 25 °C for the indicated time
Pentose Isolation / PBA Recovery
20
PGE = propylene glycol ester; (4-methyl-2-phenyl-1,3,2-dioxaborolane)
Results and Future Tasks
• Isolation process delivers pure C5-sugar (D-xylose and arabinose) under ambient 
process conditions
• The process was verified at lab scale and semi-pilot scale using unrefined 
hydolyzate
• Delivered 48% of xylose and 11% of arabinose content available in the hydrolysate
• HPLC analysis of hydrolyzate indicated xylose depletion of 93 % and arabinose 
depletion of 60 %... confirmed pentose degradation
• Xylose optimization work and technoeconomic analysis are ongoing
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Residual Fiber after Hydrolysis
Compared to DDG (control),  
 the fines fraction has  
o 11% more protein 
o 36% more total lysine 
 the fiber after acid hydrolysis has 
o 113% higher crude fat 
o 15% higher total digestible nutrients, and 
o 15% higher digestible energy 
o 69% less total lysine 
Residual Fiber after Hydrolysis
